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Chapter 1 Introduction

EPA’s concern regarding the control of volatile organic compound (VOC)
emissions has grown over the years as exceedances of the health-based ozone
standard have continued to be a problem in many areas. On hot, sunny days VOC
emissions react in the air to form ground-level ozone, which causes respiratory
problems and is associated with urban smog. Based on the most recently available
information for 1989 to 1991, there are 97 areas that fail to meet the National
Ambient Air Quality Standard for ozone (0.12 parts per million).! According to
ozone monitoring data, based on 1991 only, 70 million people continue to live in U.S.
counties exceeding the ozone standard. Evaporative emissions from motor vehicles
are a significant source of VOC’s and, as a result EPA has initiated action aimed at
reducing these emissions.

In addition, the 1990 amendments to the Clean Air Act direct EPA and the
states to carry out new programs to reduce levels of tropospheric ozone, especially in
‘urban areas. With respect to evaporative emissions, the amended Clean Air Act
states in §202(k):

The Administrator shall promulgate (and from time to time revise)
regulations applicable to evaporative emissions of hydrocarbons from all
gasoline-fueled motor vehicles—

(1) during operation; and

(2) over 2 or more days of nonuse;
under ozone-prone summertime conditions (as determined by regulations
of the Administrator). The regulations shall take effect as expeditiously
as possible and shall require the greatest degree of emission reduction
achievable by means reasonably expected to be available for production
during any model year to which the regulations apply, giving
appropriate consideration to fuel volatility and to cost, energy and safety
factors associated with the application of the appropriate technology.

A. Principles of Evaporative Emission Control

In 1971 EPA began testing motor vehicles for evaporative emissions by
subjecting test vehicles to typical drive and park conditions. The evaporative
emission test procedure, which has changed little since then, measures diurnal and
hot soak emissions. These emission sources, as well as the more recently identified
sources of running losses and resting losses, are described in the followmg
paragraphs.

1"National Air Quality and Emissions Trends Report, 1991," EPA, October 1992.



Diurnal emissions occur during periods when a vehicle is not in operation.
They result from the heating of a vehicle’s fuel tank in response to daily increases in
ambient temperature. Emissions result when high ambient temperatures cause a
buildup of fuel vapors and eventually cause vapor venting out of the tank. Current
vehicles are designed to prevent vapors from reaching the atmosphere by venting
them to an evaporative canister. The canister stores the vapors in a bed of activated
carbon until the vehicle is driven. At that time the engine draws ambient air through
the canister, carrying the stored vapors to the engine to be burned as fuel. If a
vehicle has enough storage capacity for fuel vapors generated in use, and can restore
that capacity with regular driving, it can maintain control of diurnal emissions.

Hot soak emissions happen immediately after a vehicle has been driven, due
to residual fuel tank heating and the high temperatures of the engine and fuel
system. As with diurnal emissions, hot soak emissions are controlled by storing
vapors in an evaporative canister and subsequently purging them to the engine.

Running losses are evaporative emissions that occur while a vehicle operates.
They represent a greater in-use emission source than previously believed. Running
losses are caused by the generation of vapors from the fuel tank as the fuel is heated
during driving. This heating comes from several sources, including hot pavement, hot
surfaces of the engine and exhaust systems, recirculated fuel that has been heated
by the engine, and fuel pumps that are built into fuel tanks. Running losses can be
prevented by maintaining enough vapor purge to the engine so the vapors can be
consumed before they overfill the canister and reach the atmosphere. Techniques
that reduce vapor generation during driving also can contribute to running loss
control; for example, insulating or isolating fuel tanks from heat sources, increasing
underbody airflow, or using fuel systems that do not return fuel to the tank, can
contribute to reduced vapor generation.

A fourth source of evaporative emissions, resting losses, has been more recently
identified. Resting losses are composed of fugitive vapors that result from the
migration of fuel from the evaporative canister, and permeation through joints, seals,
and polymeric components of the fuel system. Resting losses can be controlled by
improved design of evaporative canisters and by material selection to prevent fuel
permeation.

Control of evaporative emissions is fundamentally different than control of
exhaust emissions. Because exhaust emissions from vehicles are largely controlled
by engine and fuel management controls and their associated catalytic converters,
vehicles tend to provide proportional control of exhaust emissions over a wide variety
of conditions. Control is lost abruptly only if a control system component fails (such
as the catalyst) or the engine is operating in an override mode (e.g., wide-open
throttle). A fully functioning evaporative system in normal operation can experience
a loss of control if the canister is simply overfilled with vapor. Also, changes in
exhaust emission standards result in incrementally reduced in-use tailpipe emissions.
In contrast, the current standard for evaporative emission testing was intended to
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reflect the expectation that no fuel vapors will be emitted during the test. The
nonzero standard for the evaporative emission test was intended as an allowance for
small nonfuel hydrocarbon emissions (e.g., from vinyl surfaces, paints, and other
polymers) and for test-to-test variability.

Because changing the standard is not an effective means of improving the
performance of vehicle evaporative controls, EPA has focused on revising the test
procedure to expose the vehicle to more challenging conditions typical of in-use
operation, as required by section 202(k) of the Clean Air Act. When vehicles
temporarily lose evaporative emission control, emissions can be very high, several
grams per mile in some cases. Evaporative emissions come disproportionately from
relatively infrequent experiences of temperatures and driving patterns when control
is most challenging. Such conditions include high ambient temperatures, a small
amount of driving between extended periods of nonuse, or several consecutive days
without driving. Thus, increasing the stringency of evaporative emission testing
requires changing the test procedure to address these kinds of in-use conditions (see
Clean Air Act section 202(k)).

An effective test of evaporative emission control systems needs to include a
sequence of three fundamental elements: an initial loading of the evaporative
canister, a period of driving for opportunity to purge the canister, followed by a
simulation of parking over a series of hot days. Sampling for emissions during the
final "day" ensures first that the vehicle can quickly regain storage capacity during
driving, and also that the canister’s total capacity is sufficient. A rigorous test with
this sequence of test segments provides assurance that all sources of evaporative
emissions are controlled.

B. Overview of Proposals

EPA initially proposed to change the evaporative emission test in August 1987
by adding a step to load the evaporative canister with vapors at the beginning of the
test (52 FR 31274, August 19, 1987). This change was prompted by emission data
showing that vehicles passing the current test with an empty canister during
certification were often unable to meet the standard with more varied in-use canister
conditions. EPA believed that initially loading the canister in the test would ensure
that a vehicle could, with limited driving, purge vapors from the canister in
preparation for the next loading experience. Vehicles designed to meet those
requirements would be expected to maintain their level of control, regardless of how
much vapor was in the canister at any time.

Based on subsequent analyses, EPA concluded that this change was insufficient
in itself to accomplish the goal of achieving acceptable in-use evaporative emission
control. Additional provisions were needed to increase the level of diurnal emission
control and to ensure that running losses, which had since been found to be
unexpectedly high, would be prevented in use. EPA held a public workshop in June



1988 to discuss new information on these issues and published a new proposal on
January 19, 1990 (55 FR 1914).

EPA proposed in the January 1990 Notice of Proposed Rulemaking (NPRM) to
keep the canister loading step at the beginning of the test procedure and to add two
high-temperature heat builds after the exhaust emission test. Rather than
incorporate a running loss test, the January 1990 proposal had provisions that were
meant to ensure that running losses would rarely occur. These provisions included
the initial canister loading, an engineering design review to ensure that vapors would
not be vented to the atmosphere during operation, and a "cap-off’ requirement at the
beginning of the hot soak test to encourage low-pressure fuel tank designs.

Shortly before EPA published the new proposal, General Motors (GM) proposed
a test concept it believed would be an improvement over the proposed test.? GM’s
test differed from that proposed in the NPRM, first by changing the method of
conducting diurnal heat builds to a "real time" approach approximating outdoor
ambient cycles. Real time diurnal heat builds were to be conducted by exposing the
whole vehicle to ambient temperature changes in 24-hour cycles, rather than by the
conventional approach of repeatedly heating the freshly fueled tank with a local
heating element. Also, the GM propesal added a 70-minute, high-temperature
running loss test, placed between the exhaust and diurnal emission tests. Finally,
the hot soak test was moved to follow the running loss test.

In the January 1990 NPRM, EPA requested written comments on both EPA’s
and GM’s proposed test procedures. At that time other vehicle manufacturers, citing
impacts that such a change would have on facility requirements and the time
required for testing, did not support GM'’s proposed method of testing for diurnal
emissions. Nearly all manufacturers, however, supported direct testing for running
losses instead of EPA’s proposed design review and "cap-off' requirement. Also, a
nearly universal request from the vehicle manufacturers was for EPA to work with
the California Air Resources Board (CARB), which proposed and eventually adopted
a test based on GM’s proposed test sequence, to adopt a common test procedure.

In response to the comments received following the January 1990 NPRM, EPA
published a notice requesting comment on several possible modifications to the
proposed test procedure (55 FR 49914, December 3, 1990). In the modified procedure
the duration of the diurnal heat builds was extended from one to two hours, and a
third diurnal heat build was added. The design review and "cap-off' requirement
were replaced with a running loss test, very similar to GM’s, which would be
conducted after the series of diurnal heat builds. The preconditioning sequence was
rearranged so that the evaporative canister would be manually purged and loaded

2GM formalized its proposal in a letter from Lisa M. Fior to Tad Wysor, March
26, 1990 (Docket A-89-18, item IV-D-19).
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with butane to 12 times its working capacity just before the exhaust emission test.3
Finally, a 4-hour period was added to the hot soak test, which was placed after the
new running loss test, to measure resting losses. EPA held a public workshop on
December 19, 1990 to discuss these changes and accepted written comments until
February 22, 1991.

Finally, on December 17, 1991, EPA announced a public workshop to discuss
the analysis supporting its position on the previously proposed sequencing of test
segments (56 FR 65461). At that time the public also had opportunity to comment
on draft regulations containing the entire set of test procedures. The test procedure
described in the draft regulations included diurnal emission testing by GM’s real time
method, but was otherwise consistent with the modified procedure described in the
December 1990 notice.

During the development of the final rule, EPA has incorporated most of the
substantive revisions to the proposed test suggested by GM and other commenters.
Most of the revisions, however, have been made to improve the simulation and
repeatability of testing, rather than changing the fundamental test requirements.
The expectations for basic hardware and vehicle configurations needed to meet the
test requirements have changed little since the January 1990 NPRM. EPA believes
the resulting test procedure will ensure that evaporative emission controls will be
designed to eliminate evaporative emissions for nearly all in-use events, including
those likely to occur under ozone-prone summertime conditions, as required by Clean
Air Act section 202(k).

EPA’s new test for evaporative emissions is based on the procedures proposed
by GM and adopted by CARB. The EPA test also contains a supplemental test
requirement, which is necessary to ensure adequate purge capacity, so that in-use
evaporative emissions are, in fact, controlled. CARB has similarly interpreted its
existing test as requiring a demonstration that control systems have adequate purge
capacity to control in-use evaporative emissions. EPA’s final evaporative emission
test procedure is, therefore, basically an extension of CARB’s current test procedure
(adopted in August 1990) to the rest of the nation.

Chapter 2 provides a summary and analysis of comments related to the test
procedure. Chapter 3 evaluates the technological feasibility of compliance and the
schedule for implementation. Chapters 4, 5, and 6 present EPA’s detailed analyses
of the costs, emission reductions, and cost-effectiveness associated with the new
procedure for testing evaporative emissions. A description of a recently developed
computer model for evaluating evaporative emissions over a wide range of in-use

3For the purposes of the test procedure, the working capacity is the amount of
vapor that a canister, starting from a purged condition, would retain in loading to the
2-gram breakthrough point (that is, 2 grams of vapor emitted from the canister).
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driving conditions, as well as modeling results relevant to this rulemaking, are
included as appendices.



Chapter 2 Test Procedures and Standard

Pursuing the goal of improved evaporative emission controls has significantly
broadened the understanding, both in the Agency and in industry, of the nature of
evaporative emissions and the means of their control. The Agency has benefited from
extensive public participation in this rulemaking. Many aspects of the rule reflect
the input of outside participants. Vehicle manufacturers, individually and in
conjunction with the oil industry, have made valuable contributions to the
understanding of evaporative emissions.* EPA has also worked very closely with
CARB, which has concurrently developed and adopted its own revisions to
evaporative emission testing requirements.

To better understand EPA’s approach to resolving the individual issues raised
during the interaction with the public, it is important to identify some fundamental
differences between EPA’s and GM'’s approaches to designing an evaporative emission
test procedure. The following discussion expands on these basic differences.

First, GM has promoted some of the changes to its proposed test procedure by
focusing on how they better represent the experience of an average vehicle in the in-
use fleet. The amount of driving before the diurnal emission test is the most
important area where GM wanted to maintain a vehicle’s "typical" experience in the
test. GM wanted to allow as much driving between the initial canister loading and
the diurnal emission test as an average car would experience in a full day.

GM’s focus on "typical” conditions is not consistent with the statutory mandate,
which is to control evaporative emissions to the greatest degree reasonably achievable
"under ozone-prone summertime conditions,” including two or more days of nonuse.
Any test for evaporative emissions must be judged against this standard. EPA’s goal
in designing a test is therefore not to simulate a single, "representative" in-use
condition. Clearly, any specific procedure will only simulate one of a multitude of
actual in-use patterns of operation. The broader goal of EPA’s test design is to
develop a test that will result in good emission performance under nearly all
conditions that vehicles will experience in use (see Clean Air Act section 202(k)).
Designing the test based on average conditions is inappropriate, because the resulting
vehicle designs would be incapable of performing well under the temperature and
driving conditions when high evaporative emissions are most likely to occur and
control is most needed. For example, EPA’s key point of contention with GM’s

“The Air Quality Improvement and Research Program, undertaken jointly by the
auto and oil industries, has included extensive development of new methods to test
evaporative emissions.

5In August 1990 CARB adopted revised test regulations for controlling
evaporative emissions (Docket A-89-18, item IV-D-83).
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proposed procedure is that the "representative” amount of driving allowed between
the initial canister loading and the diurnal emission test, involving about 100
minutes of driving over various patterns, would provide an inadequate purge
requirement for many in-use driving scenarios, as discussed below.

Second, GM has emphasized that in several ways its test simulation would
more precisely duplicate the physical phenomena that a vehicle experiences in use.
GM claimed that these changes to the test would have the effect of improving the
accuracy and repeatability of the test results. For example, exposing a whole vehicle
to a diurnal heat build would allow the process of vapor generation in the tank and
adsorption of those vapors in the evaporative canister to occur at natural rates.

Duplicating as completely as possible the physical phenomena involved in a
vehicle’s in-use experience is not, in itself, a primary goal in EPA’s approach to
designing a test procedure. EPA would like to avoid expanding test requirements to
improve the test simulation (with consequent administrative burden and straining
of Agency resources) if there is no expected positive effect on vehicle design.
However, as in the example of the diurnal test method discussed below, other
considerations may be involved in EPA’s choice of a final test procedure.

In addition to these general issues, participants had specific comments on
many aspects of the new test requirements. Following is a summary and analysis of
these comments, grouped by major topic area.

Al Sequence of Test Segments

EPA Proposal

The test sequence described in the December 1990 Federal Register notice
established the driving time between the canister loading and the diurnal emission
test at about 30 minutes, the amount driven during the exhaust emission test
(Figure 2-1). This test sequence involved canister loading just before the exhaust
emission test, which was in turn followed by the diurnal emission test. A new
running loss test was added at the end of the test sequence, not affecting the driving
time before the diurnal emission test.

EPA’s proposed test sequence was different than that finalized by CARB.
CARB’s adopted procedure included a 70-minute running loss test between the
exhaust and diurnal emission tests, allowing a total of approximately 100 minutes of
driving for vehicles to purge their canisters.

Summary of Comments .

Manufacturers objected to EPA’s proposal, arguing primarily that the proposed
test sequence, compared to in-use driving patterns, represented a rare and rather
extreme scenario of vehicle operation. Manufacturers claimed that because the
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Figure 2-1

Basic Elements of CARB
and EPA Proposed Sequences

Key Elements CARB EPA Proposal
LOAD Load/Cc?ndition Load/Cc?ndition
Canister Canister
/ A
DRIVE/ Exhaust Test Exhaust Test
PURGE (30 min. drive) (30 min. drive)

1

Running Loss Test
(70 min. drive)

)

VERIFY Multiple Multiple
CAPACITY "Real time” "Real time”
Diurnals Diurnals

Running Loss Test
(70 min. drive)




specific drive-park sequence represented in the test would so rarely happen in real
driving, EPA’s approach was invalid. They reinforced their position with the
observation that EPA’s MOBILE model estimates that vehicles from the in-use fleet
average approximately 30 miles (48 km) of driving per day, much more than the 11
miles (18 km) of driving for the exhaust emission test.® Most auto manufacturers
recommended that EPA adopt CARB'’s test procedure.

After considering EPA’s technical objections to its procedures, however, CARB
acknowledged that its procedure could lead to inadequate purge during short trips.
In a March 1992 letter, CARB thus stated,

As written, the [CARB] procedure may not necessarily ensure adequate
purge during short trips, and canister saturation is a possibility. This
could occur even on a vehicle which would pass the ARB procedure.
ARB ‘and Environmental Protection Agency (EPA) analyses have
confirmed significant in-use emissions benefits from reqm‘ring,adequate
purge during the exhaust testing portion of the current test.

To address these concerns, CARB suggested in the same letter adding one of two
alternative methods to verify purge during the exhaust emission test. In the first
method, purge airflow would be measured and compared with a similar measurement
during the running loss test to verify a consistent purge rate. In addition, the change
in canister mass during the exhaust emission test would be measured to ensure that
approximately 70 percent of the canister’s working capacity before breakthrough had
been made available. In the second method, CARB would conduct a special test with
two diurnal heat builds directly following the exhaust emission test. CARB proposed
that these additional test requirements would apply to certification and, potentially,
in-use testing. In addition, CARB identified the possibility of adopting EPA’s
proposed test sequence if its other proposed changes were found not to be viable.

Auto manufacturers had varying responses to CARB’s proposed approaches.
Some argued that current language in EPA rules that prohibits defeat devices would
be effective in ensuring sufficient purge under CARB’s adopted test. These
manufacturers suggested a requirement to state at certification that they had
employed no defeat devices in designing their purge strategy. '

Manufacturers opposed CARB’s suggestion of weighing canisters during a test
run. They commented that such an operation could jeopardize the repeatability,
reliability, and validity of test results because of the need to remove and handle
components of a vehicle’s emission control system.

5The series of MOBILE models is used to characterize the emission behavior of
the in-use fleet and to estimate the effectiveness of various control programs.

"CARB Mail-Out #92-13, March 6, 1992 (Docket A-89-18, item IV-D-84).
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Commenters who did not object outright to the idea of a purge-verification
strategy generally supported the concept of measuring purge airflow. These
commenters noted that measuring purge airflow would be the least burdensome
strategy, and would give a direct measure of purge behavior. Various formulas for
specifying a purge requirement were discussed.

Ford and Chrysler came forward with nearly identical approaches for a
potential compromise, consistent with CARB’s proposed option for a special two-
diurnal test to ensure sufficient purge in short-trip driving patterns&.s’9 Ford and
Chrysler recommended that EPA finalize CARB’s adopted procedure, with minor
modifications, for certification testing. For recall testing, they suggested an
abbreviated test, consisting of the preconditioning and exhaust emission test, followed
by a moderate-temperature hot soak test, and two diurnal heat builds. Since Ford
and Chrysler offered no explanation of the differences for recall and certification
testing, EPA understands that they were merely responding to EPA’s desire to adopt
an enforceable in-use test that would ensure adequate purge rates. The standard for
recall testing would be 2.5 grams for vehicles with fuel tank capacity less than 30
gallons (110 liters), and would allow for exclusion of nonfuel emissions. Vehicles with
larger fuel tanks would be subject to a 3-gram standard. ‘No explanation of the basis
for these relaxed standards was stated.

GM opposed the use of any alternate emission measurement to verify
purge.10 GM claimed that the alternate procedures under consideration would
overburden the industry and increase the severity of the full evaporative test
procedure. GM claimed, though without explanation, that an alternate emission
measurement, with the existing 2-gram standard, would increase the overall purge
requirement by 25 percent—with no air quality benefit.

Several commenters recommended a streamlined version of CARB’s adopted
procedure to facilitate EPA’s in-use testing (e.g., see GM’s March 23, 1992 letter, page
11). Commenters suggested driving through the running loss test without measuring
evaporative emissions to avoid installation of thermocouples and to prevent the need
for running loss measurement facilities. Significant fuel heating (and thus vapor
generation) would be prevented by holding ambient temperatures at 80° F (26.7° C)
and circulating air around the fuel tank.

8Letter from Gordon E. Allardyce, Chrysler Corporation, to Docket A-89-18, March
23, 1992 (item IV-D-76).

9Letter from Donald R. Buist, Ford Motor Company, to Richard D. Wilson, EPA,
March 27, 1992 (Docket A-89-18, item IV-D-77).

101 etter from Samuel A. Leonard, General Motors, to Richard D. Wilson, EPA,
March 23, 1992 (Docket A-89-18, item IV-D-78).
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Analysis of Comments

After considering all of the comments, EPA still believes that CARB’s adopted
test procedure, by allowing 100 minutes of driving time to purge the evaporative
canister, does not ensure effective emission control. Most importantly, the majority
of the driving time, and therefore purging time, in CARB'’s test occurs when there is
no measurement of exhaust emissions. Vapors purged from the canister during the
running loss test could simply pass unburned out the vehicle’s tailpipe as exhaust
emissions, without detection. CARB’s test sequence thus gives manufacturers an
important incentive to minimize the amount of purge during the early part of the
test’s driving time, when exhaust emissions are measured. An inadequate purge
requirement would result in reduced evaporative control effectiveness for vehicles
experiencing mostly short trips, and could also cause increased exhaust emissions in
use, compared to today’s vehicles.

In addition, CARB’s adopted procedure would be very difficult to use as the
exclusive test for in-use enforcement for three reasons. First, CARB’s adopted
procedure would require that a full running loss test be conducted before every
diurnal emission test. EPA believes that the diurnal emission test is of primary
importance in verifying the key parameters of canister purge and storage capacity.
EPA expects that the resource-intensive running loss test can be reserved for vehicle
designs with higher vapor loads to the engine, such as those with high fuel
temperatures during driving. CARB’s adopted test would remove this flexibility, and
would require a greater investment in running loss facilities, significantly increasing
the cost and effort of testing. Second, some of CARB’s running loss test specifications
are very difficult to maintain, increasing the likelihood of invalid tests. This would
also apply to certification confirmatory testing. Third, in-use vehicles would likely
need to have fuel tanks removed for installation of thermocouples for the running loss
test. Thermocouple installation is a time-consuming procedure, and may call into
question the validity of test results if installation affects the integrity of the vehicle’s
emission control system.

EPA believes that its proposed test, with three diurnal heat builds following
the exhaust emission test, is a feasible requirement that would achieve good in-use
control. EPA has evaluated the emission benefits of its proposed test sequence
relative to CARB’s. This evaluation is described in a draft technical report and was
the subject of the January 1992 public Workshop.11 The draft report concluded (as
noted above) that CARB’s test had so much driving time before the diurnal emission
test that manufacturers could substantially delay purging. Refinements made to the
analysis, described in Appendix A, only reinforce that concern. If vehicles designed
for CARB’s adopted test delay purging, in-use emissions may actually increase from
current levels, contrary to the requirements of Clean Air Act section 202(k) (or section

1"Bmigsion Evaluation of the GM Real Time Evaporative Test Procedure,” draft
EPA report by Julie Hayden, September 25, 1991 (Docket A-89-18, item III-B-2).
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202(a) for methanol-fueled vehicles). The analysis shows that these vehicles would
perform poorly in use, because many in-use driving patterns involve short trips with
less driving time than is present in CARB'’s adopted test procedure. In comparison,
the analysis shows that vehicles designed to pass EPA’s proposed test sequence with
three diurnal heat builds would almost completely control emissions for a wide range
of in-use driving patterns.

EPA has, however, made a concerted effort to achieve common test
requirements for federal and California-only vehicles, within the constraints of its
legal obligation under section 202(k) of the Act. EPA has considered possible
modifications to the CARB procedure to ensure effective in-use emission control,
while addressing manufacturers’ expressed concerns about the relative stringency and
associated costs of test options, and the desirability of avoiding the expense and
administrative complication of maintaining different federal and California-only tests.
The following discussion evaluates the various proposed or suggested modifications
to CARB’s test.

Merely relying on existing requirements aimed at preventing defeat devices,
as suggested by some commenters, is insufficient to ensure adequate emission control.
Most participants, including CARB (particularly in its March 6, 1992 letter), have
acknowledged that CARB’s adopted test sequence allows manufacturers flexibility
that could result in poor in-use performance. Defeat device regulations rely on a
subjective evaluation of designs to identify possible defeat devices. As much as
possible, the test itself should ensure effective in-use performance and so avoid the
need for such subjective inquiries. Moreover, this is the Agency’s legal mandate
under section 202(k).

The various suggested improvements to CARB’s adopted test sequence are also
not satisfactory. Measuring a change in canister mass during the exhaust emission
test is an inappropriate way to verify purge during short trips. Any requirement for
a change in canister mass would effectively be a design standard, because it would
dictate requirements for certain vehicle components rather than demonstrating the
vehicle’s performance to an emission standard. EPA strongly prefers performance
standards over design standards because design standards can unnecessarily
constrain manufacturers’ design options, and may not be effective in improving in-use
performance in that they may not address possible unforeseen mechanisms by which
emissions occur. Also, the removal of a canister to determine its mass change would
involve an unnecessary intrusion into the control system, both before and after the
exhaust emission test.

Measurement of purge airflow is also an inappropriate way to verify purge.
Requiring some specified distribution of purge in different driving conditions would
effectively be a design standard, and therefore not a preferred alternative for the
reasons just noted. Also, there is an enormous degree of latitude in defining the
criterion for acceptable purge distribution, so that setting such a criterion would
require a subjective evaluation of what constitutes an optimum strategy, to the
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exclusion of other reasonable strategies. The nature of design standards virtually
ensures that any such criterion would either be ineffective in ensuring in-use
emission control, or would unnecessarily restrict manufacturers’ flexibility in vehicle
design, or both. EPA believes the goals of establishing an effective, yet nonrestrictive
purge flow criterion are irreconcilable, as evidenced by the fact that CARB has been
unable to reach an agreement with manufacturers. Measurement of purge airflow
may also require temporary, intrusive vehicle modifications that could impact vehicle
evaporative emissions and call into question the test results.

Manufacturers’ suggestions to perform the running loss segment of the test
without measuring emissions, in order to increase testing capacity, does not address
EPA’s primary concern: that manufacturers would minimize purge rates during the
exhaust emission test. In fact, removing the vapor generation component from the
running loss test by holding the vehicle and its fuel at low nominal temperatures
would only increase the incentive for manufacturers to delay substantial purge until
the running loss test.

A special test measuring vehicle emissions from two diurnal heat builds
immediately after the exhaust emission test is the only suggested modification to
CARB's test procedure that addresses EPA’s need for assurance of adequate purge.
This assurance comes from the fact that such a test measures emissions following a
relatively short amount of driving, as is common in use. Measuring emissions is
necessary to establish a performance standard, and to prevent the need for any
intrusive measurement of secondary variables such as canister mass or purge airflow.
A supplemental procedure could verify sufficient purge for short trips without being
more stringent overall than the full three-diurnal test. Such a procedure would only
change the overall test requirements for vehicles that are indeed insufficiently
purging early in the test.

In addition to verifying adequate purge, a supplemental test procedure is also
the best way of dealing with EPA’s other concerns regarding CARB’s test. The
simpler supplemental procedure measures the performance of vehicles’ evaporative
emission controls with much lower resource requirements than the full sequence.
Also, the supplemental procedure can prevent the possibility of a significant increase
in exhaust emissions by ensuring that exhaust emissions are measured while the
canister is being purged.

EPA thus considers the fundamental elements of the alternate procedure
suggested by CARB, and developed further in the Ford and Chrysler comments, to
be effective and reasonable. The approach taken in defining this procedure helps to
ensure that it does not introduce challenges to vehicle designers beyond those already
imposed by the three-diurnal test, except for ensuring that vehicles can purge
effectively to control evaporative emissions. For example, eliminating a diurnal heat
build, initially loading the evaporative canister only to breakthrough, measuring a
moderate-temperature hot soak, and increasing the standard from 2 to 2.5 grams all
contribute significantly to making the supplemental procedure effective in its limited
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objective of ensuring proper purge without requiring additional design modifications
(such as increased canister size). Figure 2-2 shows EPA’s approach to designing an
evaporative test based on the Ford and Chrysler comments. Also, EPA believes that
the vehicle hardware that would be needed to meet the test requirements proposed
in EPA’s January 1990 NPRM (e.g., canisters, purge valves) will be sufficient to meet
the requirements of the supplemental test.

The supplemental test procedure would not in itself provide assurance that a
vehicle could meet all requirements of the longer three-diurnal test. For example,
there is no measurement of running losses and the final diurnal heat build is omitted
in the supplemental test. Thus, the supplemental procedure is not a replacement for
the three-diurnal test. However, the opportunity for EPA to run the longer test, in
both confirmatory certification and in-use testing, provides the necessary assurance
that vehicle designs will achieve optimum control.

Because neither test sequence is sufficient in itself to demonstrate adequate
control of evaporative emissions, manufacturers would have to perform certification
testing using both sequences. Reserving the supplemental test only for EPA’s testing
of in-use vehicles, as suggested by Ford and Chrysler, would therefore be
inappropriate. EPA recognizes that this adds some testing burden to the certification
process. However, the record established in the docket for this rulemaking makes it
amply clear that the industry views consistency with CARB’s requirements (with
potential implications for vehicle designs and costs) to be of more critical importance
than minimizing the test burden for federal testing. A test based on the CARB
procedure, with the addition of the supplemental test, deals with manufacturers’
concerns and, because it allows EPA to meet statutory requirements, is acceptable to
EPA. Moreover, CARB has expressed its willingness to recommend the adoption of
this approach to their Air Resources Board following action by EPA.12

B. Emission Standards

EPA intends that further emission reductions from improved evaporative
emission controls will be prompted by changes in the test procedure itself, rather
than by simply reducing the numerical value of the standard, as discussed in Chapter
1. The revisions to the test procedure do cause a change in the effective stringency
of the standard, since the test requires the same performance from a more
challenging sequence of events, and thus will lead to optimized control of evaporative
emissions under the situations contemplated by Clean Air Act section 202(k).

121 etter from Thomas Cackette, CARB, to Charles L. Gray, EPA, September 15,
1992 (Docket A-89-18, item IV-D-88).
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Figure 2-2
Evaporative Emissions Test
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EPA Proposal

The existing standard is set at 2 grams of hydrocarbons for the combined
measurements of diurnal and hot soak emissions. EPA proposed at the January 1992
workshop to adopt the same form of the evaporative standard that CARB adopted.
For light-duty vehicles (LDVs) and light-duty trucks (LDTs), this would require the
sum of the measured emissions from the diurnal and hot soak tests to be less than
2 grams, and the emissions from the running loss test to be less than 0.05 g/mi (0.03
g/km). Heavy-duty vehicles (HDVs) would be subject to a similar standard based on
the existing levels of 3 and 4 grams for light and medium heavy-duty vehicles,
respectively, and a running loss standard of 0.05 g/mi (0.03 g/km). Heavy heavy-duty
vehicles would continue to be subject to an engineering evaluation to demonstrate
compliance with the standards for medium heavy-duty vehicles.

Unlike CARB, EPA proposed to include nonfuel emissions in the standards, not
allowing any subtraction or exclusion of nonfuel background from measured
emissions. EPA revised the wording of the standard from "fuel evaporative
emissions” to "evaporative emissions” to reflect the intent to include all measured
emissions to determine compliance with standards. Again, this is in keeping with the
mandate of section 202(k) to optimize control of evaporative emissions.

EPA also proposed at the January 1992 workshop to set a standard of 1.0 gram
for the spitback test during vehicle refueling.

Summary of Comments

Commenters concentrated on the need to allow subtraction of nonfuel
background emissions. Manufacturers argued that they should not be responsible for
nonfuel emissions in evaporative testing. This concern was heightened by the
proposed change in the sampling period for the diurnal emission test from 1 hour to
24 hours, because nonfuel emissions would accumulate for a much longer time.

For the supplemental procedure, manufacturers requested that the 2-gram
standard be relaxed to avoid a net increase in stringency. Manufacturers
recommended a 2.5-gram standard for vehicles with fuel tanks smaller than 30
gallons (110 liters), and a 3.0-gram standard for vehicles with larger fuel tanks.

Chrysler suggested introducing somewhat relaxed standards for intermediate
useful life testing. Chrysler argued that the lack of experience with the new
technologies warranted protection from minor deterioration caused by unexpected
problems. For in-use testing, Chrysler proposed relaxing the 2-gram standard to 2.5
grams, and relaxing the 0.05-gram standard for the running loss test to 0.06 grams.

EPA received no other comments related to the running loss test standard or
the spitback test standard for light-duty vehicles and light-duty trucks, and received
no comments related to any standards for heavy-duty vehicles.
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Analysis of Comments

EPA’s position on the treatment of nonfuel background emissions was
. established in the original action to implement the 2-gram standard for evaporative
testing (41 FR 35626, August 23, 1976). The Agency stated at that time:

Providing a factor to account for possible background emissions (e.g., 1
g/test) would thus have the practical effect of easing the intended fuel
evaporative emission standard by whatever the background allowance
might be, since manufacturers would still be expected to provide test
vehicles with minimized background emissions.... If, however, a
manufacturer uses paints or plastic materials that will continue for long
periods of time to emit significant levels of background emissions, these
emissions should properly be charged against the in-use vehicle
inasmuch as such emissions are real hydrocarbons that contribute to air
pollution.

EPA'’s position thus has been that the nonzero standard implies an expectation of full
control of evaporative emissions, with an allowance to account for nonfuel background
emissions and test variability. New understanding of resting losses prompts a small
readjustment of this view, since it is now clear that evaporative emissions can be
minimized, but not completely eliminated. The revised test and standard, however,
maintain the expectation that fuel emissions are near zero, even with the increased
performance requirements for control of diurnal, hot soak, running loss, and resting
loss emissions.

Including nonfuel background emissions in the reported values should not
jeopardize the validity of test results or the feasibility of compliance. EPA and GM
test data indicate that nonfuel emissions from stabilized vehicles are typically on the
order of 0.1 grams, and occasionally as high as 0.5 grams, in a 24-hour
period.!31* Even the worst expected background emission is considerably smaller
than the 2-gram standard.

Furthermore, as a matter of practice, EPA typically excludes vehicles from
recall confirmatory testing for evaporative emissions if there is an indication that
nonfue] emissions may be unusually high. For example, if a vehicle had received
rust-proofing, body repairs, or modifications to upholstery within the previous three
months, it would be excluded from testing. Similarly, if a vehicle had experienced a

13'Real Time Nonfuel Background Emissions,” Harold Haskew, et al, General
Motors, October 1991, SAE 912373.

14"Resting Loss and Background Emission Data,” EPA note from Alan Stout, to
Charles Gray, June 20, 1991 (Docket A-89-18, item IV-B-5).
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spill from any container of gasoline or kerosene within the previous three months, it
would be excluded from testing.

In response to the comments requesting a relaxed standard for vehicles with
large fuel tanks, EPA agrees that this is appropriate for certain vehicles. EPA’s
approach to setting evaporative emission standards has consistently been that,
although a good test procedure is the primary means by which control is assured,
setting different diurnal emission standards based roughly on vehicle size is
appropriate. This provides recognition of the fact that a larger vehicle, possessing
larger fuel system components, is likely to have higher emissions in diurnal testing
than a smaller vehicle, even when they are both achieving what would generally be
considered an equivalent degree of optimized control. EPA’s choice of standards for
heavy-duty vehicles in this rule follows this pattern. This is even more important
with the introduction of extended-time diurnal emission testing, discussed below.
Consistent with this approach, EPA believes that the larger light-duty trucks, those
with a gross vehicle weight rating (GVWR) between 6,000 and 8,500 pounds (2,700
to 3,900 kg), which have large fuel tanks (over 30 gallons (110 liters) nominal size)
comprise a category of vehicles for which it is appropriate to set a standard of 2.5
grams, halfway between the 2-gram light-duty standard and the 3-gram light heavy-
duty standard.

On the issue of the standard for the supplemental procedure, EPA is increasing
the level of the standard by 0.5 grams for all vehicles in order to accommodate
manufacturers’ concerns. The additional 0.5 grams helps to ensure that the
supplemental procedure does not introduce challenges to vehicle designers beyond
those already imposed by the three-diurnal test, as described above, and the need to
provide assurance that vehicles can purge effectively within a relatively short driving
time. The standard for the measured diurnal and hot soak emissions would then be
2.5 grams for light-duty vehicles and light-duty trucks, 3.0 grams for light-duty
trucks with GVWR between 6,000 to 8,500 pounds (2,700 to 3,900 kg) that have fuel
tanks of nominal size of 30 gallons (110 liters) or more, and 3.5 and 4.5 grams for
light and medium heavy-duty vehicles, respectively. The slightly relaxed standard
for the supplemental procedure will not compromise in-use control, because the
adequacy of control is primarily determined by the test procedure (as explained in
Chapter 1), and because manufacturers must also design vehicles to meet the lower
standards for the full three-diurnal test. Even with the higher standard, the
supplemental procedure, in combination with the rest of the test, will meet the
statutory requirement to require the greatest achievable degree of control.

The 0.05 g/mi (0.03 g’km) standard for the running loss test was first proposed
by CARB, and was widely supported by the auto industry. The standard allows about
1 gram of emissions during the hour of driving, comparable to current testing for
diurnal and hot soak emissions. EPA believes that CARB’s adopted standard of 0.05
g/mi (0.03 g/km) will require the greatest achievable degree of control under ozone-
prone summertime conditions.
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Regarding Chrysler’s suggestion for relaxed in-use testing standards, EPA does
not believe it necessary to relax these standards. Based on comments, EPA expects
thet improvements in the evaporative control systems will be fairly straightforward
upgrades of existing technologies, as described in Chapter 3. Commenters have
provided no clear rationale for a change in technology that would justify a relaxation
of the standards for in-use vehicles.

C. Diurnal Emission Test

The generation of vapors from diurnal heating is a straightforward
phenomenon that can be simulated in laboratory testing. When a vehicle is not
driven but is exposed to outdoor conditions, its fuel temperatures rise and fall in
response to cycling ambient temperatures. The increase in fuel temperatures causes
evaporation of liquid fuel and expansion of the vapor space so that fuel vapors are
driven from the tank. The current method of simulation—rapidly heating the fuel
from an initial to a final temperature—is a simple procedure that simulates the
actual diurnal heat build. Over the course of the rulemaking EPA has considered
various changes that would not only make the test more challenging, but would also
increase the accuracy of the simulation.

EPA Proposal—Test Method

At the January 1992 workshop, EPA proposed the new diurnal test method
advocated by GM, in which the whole test vehicle would be exposed to ambient
temperatures cycled over 24-hour periods. Emissions would be collected in a SHED
(Sealed Housing for Evaporative Determination). EPA also requested comment on
a simplified method of conducting the diurnal temperature cycling. The test vehicle
would be stabilized at the low diurnal temperature, then exposed to the high diurnal
temperature with fans positioned to ensure sufficient air circulation around the fuel
tank. The air circulation around the fuel tank decreases the time required for the
fuel to experience the full temperature excursion. Because this procedure would not
be long enough to allow the measurement of resting losses separate from diurnal
emissions, a separate test for resting losses would be required.

Summary of Comments

GM championed the concept of extended-time diurnal emission testing; CARB
and almost all other manufacturers eventually expressed support for the approach.
GM identified several advantages of their method of testing. First, cycling ambient
temperatures in 24-hour periods would improve the accuracy and repeatability of the
test. Vapor loading rates to the canister would be more representative, the fuel
heating would be close to an equilibrium process, as it is in use, and all emission
sources would be better measured and controlled.

Second, by allowing the fuel to cool without refueling, the test would
automatically account for fuel weathering. Fuel weathering, which occurs as a
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vehicle is driven or exposed to diurnal heat builds, decreases the volatility of the fuel
over time.

Third, GM claimed that the improved simulation of a vehicle’s in-use
experience would provide incentive for manufacturers to design their emission
controls to achieve maximum in-use emission reductions. The lengthy time in the
measurement enclosure would account for resting losses, providing an incentive for
manufacturers to modify vehicle designs to control these slowly emitted losses. Also,
allowing the fuel to cool naturally would encourage manufacturers to design their fuel
systems to allow the phenomenon of backpurge. A vehicle that can backpurge draws
air and vapors from the evaporative canister into the fuel tank when the liquid fuel
cools and causes condensation of fuel tank vapors. Ambient temperature exposure
would also give full credit for insulating fuel tanks to minimize fuel temperature
excursions (and thus vapor generation).

Several manufacturers opposed the use of the accelerated method to measure
diurnal emissions. These manufacturers supported the 24-hour testing method and
considered the flexibility provided by an alternate method unnecessary.

Analysis of Comments

While the Agency has no objection to the concept of extended-time testing, it
believes that an effective diurnal emission test, with most of the advantages of
extended-time testing, can be realized with a much shorter test time. The procedure
in the December 1990 workshop notice already took many of these factors into
account.

EPA believes that the alternate method for accelerated ambient heating of the
vehicle could achieve emission reductions comparable to those achieved by GM’s test.
Such testing would require only minor modifications to existing equipment and
facilities and would greatly reduce the time involved for each test. Nevertheless,
because of the broad support for extended-time diurnal emission testing, EPA is
finalizing regulations based on this approach. Also, any possible emission sources
that may not currently be identified would more likely be measured and controlled
with the real time test.

EPA Proposal—Test Severity

In the January 1990 NPRM, EPA proposed to conduct two consecutive diurnal
heat builds. EPA proposed to heat the fuel from 72° to 96° F (22.2° to 35.6° C), based
on a thorough analysis of summer ambient temperatures across much of the United
States. At the December 1990 and January 1992 workshops, EPA proposed the
addition of a third diurnal heat build.

As part of the proposal at the January 1992 workshop to adopt GM’s method
of heating the whole vehicle, EPA included a provision to require an underbody
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circulation rate of at least 5 miles (8 km) per hour to maintain the transfer of heat
into and out of the fuel tank.

Summary of Comments

Manufacturers did not object to the specified temperature range. However, to
deal with EPA’s concerns for fuel temperatures lagging behind ambient temperatures,
manufacturers suggested the possibility of adjusting to an ambient temperature
range of 70° to 98° F (21.1° to 36.7° C). In later comments, manufacturers expressed
a preference to maintain the 72° to 96° F (22.2° to 35.6° C) ambient temperature
range, but to specify a temperature tolerance for the air just below the fuel tank.

Manufacturers questioned the basis for adding the third diurnal heat build,
and suggested conducting only two heat builds to save test time and facility costs.

Analysis of Comments

Section 202(k) of the Clean Air Act specifically requires test conditions to
reflect "ozone-prone summertime conditions." The temperatures chosen by EPA are
based on meteorological data for high ozone days. The high diurnal temperature of
96° F (35.6° C) is the average of the daily high temperatures for the hottest ten
percent of the days in this data.’® Since daily low temperatures in this data subset
were, on average, 24° F (4.4° C) less than the associated high temperatures, 72° F
(22.2° C) was chosen as the low diurnal temperature. Thus, to meet statutory
requirements, EPA is retaining the 72° to 96° F (22.2° to 35.6° C) temperature
specification.

Fuel temperatures are expected to experience temperature cycling during the
diurnal emission test comparable to what would occur outdoors under ozone-prone
summertime conditions. Since test data indicate that peak fuel temperatures are
typically at least as high as peak ambient temperatures, EPA would expect fuel
temperatures in uninsulated tanks to experience the full temperature cycling from
72° to 96° F.1 Spemfymg a minimum 5 mile (8 km) per hour circulation under the
vehicle is important in achieving this goal. Testing by EPA show